Variability in the group of Lomatium species comprising L. nevadense, L. ravenii, and L. foeniculaceum has led to conflicting classification schemes. While some taxonomists have treated L. ravenii as a distinct species made up of all the populations from California, Nevada, Idaho, and Oregon, others considered L. ravenii to be nothing more than a morphological extreme of L. nevadense. We examined morphological and phylogenetic data from across the range of L. ravenii, concluding that variation in the species warrants varietal distinction. Non-metric multidimensional scaling analysis of 29 populations shows two distinct groups-one from the vicinity of Ravendale, California, and one from the rest of the range in California, Nevada, Oregon, and Idaho. Phylogenetic analysis of the ITS, rps16 intron, and cpDNA rpl32-trnL UAG genes from seven populations supports these two groups. We refer to the geographically widespread population as Lomatium ravenii var. paiutense and recommend reassessment of the conservation status of the more narrowly endemic Ravendale populations.
INTRODUCTION
Lomatium ravenii was first described from specimens obtained in the vicinity of Ravendale, Lassen County, California (Mathias and Constance 1959) . Mathias and Constance considered the new species most closely related to L. foeniculaceum var. macdougalii (as L. macdougalii J.M.Coult. & Rose) and L. nevadense. The white-flowered Lomatium ravenii can be easily distinguished from the yellowflowered L. foeniculaceum var. macdougalii, but both taxa have highly dissected leaves with small, numerous segments. Lomatium ravenii is harder to distinguish from the similarly white-flowered L. nevadense, which is itself a decidedly variable species. In general, L. ravenii has leaves that are more dissected and have narrower ultimate leaf segments than those of L. nevadense.
Mathias and Constance noted that L. ravenii was known only from the type locality of Ravendale, but that it, or something similar, occurred in Harney and Malheur counties of southeastern Oregon. Collections from The College of Idaho (CIC) and University of Nevada (UNR) herbaria show that ravenii-like plants grow in Owyhee County of southwestern Idaho and in the counties of north and central Nevada. Detailed examination of herbarium specimens from throughout the range of L. ravenii uncovered differences between the populations collected in Ravendale and the populations collected from throughout Nevada, Oregon, and Idaho (Carlson et al. 2011) . The Ravendale populations appear more robust than other populations. They are taller and have more branches, while the populations collected elsewhere are typically small, low-growing plants with few branches. Another distinct difference is evident in the leaves. While all populations of L. ravenii have highly dissected leaves, the Ravendale populations exhibit linear ultimate leaf divisions that are much longer and narrower than those seen in the Nevada, Oregon, and Idaho populations (K. Carlson, D. Mansfield, J. Smith, pers. obs.).
The high degree of variability exhibited by this group of Lomatium species has led to conflicting classifications in the primary floristic treatments for the area. Constance (1993) treated L. ravenii as a distinct species comprising all the populations from California, Nevada, Idaho, and Oregon. Cronquist et al. (1997) interpreted the differences between L. ravenii and L. nevadense, particularly in the leaves, as being continuous rather than discrete; therefore, they considered L. ravenii to be nothing more than a morphological extreme within the variation of L. nevadense.
A recent study (Carlson et al. 2011 ) using phenetic analyses of morphology and phylogenetic analyses of chloroplast and nuclear gene sequences clearly showed that L. ravenii and L. nevadense are not closely related. Carlson et al. (2011) also provided evidence that the populations of L. ravenii collected from the type locality of Ravendale were different morphologically from L. nevadense, and one individual from the type locality was phylogenetically sister to a clade of all other populations of L. ravenii collected elsewhere. However, the sample size in that study was low, with only one Ravendale population of L. ravenii available for the phylogenetic sampling. The purpose of this research is to determine whether varietal distinction is warranted between populations of L. ravenii from Ravendale and those collected elsewhere. We added herbarium specimens from UNR to the pool of specimens used in the original study. Two additional leaf samples were collected from the vicinity of Ravendale for use in the phylogenetic analyses.
MATERIALS AND METHODS

Morphological Analyses
A total of 29 herbarium specimens labeled as L. ravenii were used in the morphological analyses, covering the geographic range of the species: 10 specimens from CIC, eight from UC/ JEPS (including an isotype), and 11 from UNR. Seven of these specimens (three from Ravendale and four from the remaining distribution range) were vouchers for samples used in the phylogenetic analyses. Ten specimens of L. nevadense from CIC were also included as it is a clearly defined, unrelated species and would help ''root'' the different L. ravenii populations (Appendix 1).
A total of 27 characters were measured on each specimen (Table 1 ). Most characters were root and leaf features as these appeared to best help differentiate among the various populations. In two instances, herbarium sheets of L. ravenii from UC/JEPS had both glabrous and hirtellous plants on the same sheet. In such cases, we treated the glabrous and hirtellous forms as different populations. In another instance, one sheet of L. ravenii from UNR had unusual leaves and bracts. These plants were also treated as different populations. All data were analyzed using non-metric multidimensional scaling (NMS-Rohlf 2004) , as outlined in Carlson et al. (2011) . Missing data comprised 12% of the data cells (1% not counting fruit).
In addition, Mann-Whitney tests were performed on quantitative characters to see if there was a statistically significant difference between the values recorded for the Ravendale populations and those recorded for the populations collected elsewhere. Mann-Whitney tests were used in place of t-tests because the data did not show a normal distribution. All statistical tests were carried out using SigmaPlot 11.0 (Systat Software, Inc., San Jose, CA).
Phylogenetic Analyses
During the spring and summer of 2007, we collected leaf material for DNA extraction from four populations of L. ravenii growing in southeastern Oregon and southwestern Idaho. Three populations of L. ravenii collected near Ravendale were provided to us as well. Orogenia linearifolia was used as the outgroup in all analyses. DNA was extracted from silica-dried leaf material (28-200 mesh silica gel desiccant) of one individual plant using the Qiagen DNeasy Plant Mini Kit (Valencia, CA) according to manufacturer's instructions. See Appendix 1 for the source of all sequences.
The DNA regions (ITS, rps16 intron, and rpl32-trnL UAG ) were amplified and sequenced following the methods of Carlson et al. (2011) . Sequences were aligned manually. The partition homogeneity test (Farris et al. 1994 ) was performed as implemented in PAUP*4.0 b10 (Swofford 2002 ) with 10,000 bootstrap replicates (using a heuristic search, simple addition, and no branch swapping). The cpDNA and ITS regions were treated as separate partitions. Phylogenetic trees were estimated using maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI) to allow for comparison of tree topologies. Support for trees was estimated using the bootstrap (Felsenstein 1985) , with both MP and ML, and posterior probabilities with BI. Parameters for the MP, ML, bootstrap, and BI analyses follow those of Carlson et al. (2011) , except that two independent 10-million replicates were run in the BI analyses and the two runs were compared using AWTY (Nylander et al. 2007 ) and indels were not rescored for this analysis.
RESULTS
Morphological Analyses
Results of the NMS analysis show L. ravenii divided into two clear groups (Fig. 1) . The bottom group of specimens (''Ravendale variety'') is spread out across Axis I, but all fall at negative values along Axis II. These are the populations that are robust and branched, with long, narrow ultimate leaf segments collected in the vicinity of Ravendale. The difference between the hirtellous and glabrous variants is apparent, with the glabrous variants having the most negative values on Axis II; yet both variants are clearly distinguishable from the upper group of L. ravenii specimens in Fig. 1 .
The top group of specimens in Fig. 1 consists of all other populations of L. ravenii collected from Oregon, Idaho, Nevada, and California (''widespread variety''). These specimens are also spread out across Axis I, but are more tightly clustered along Axis II. They tend to fall at positive values on Axis II. Characters distinguishing the two groups identified in Fig. 1 are listed in Table 2 .
The population falling at the most negative value on Axis II in this group (marked by an asterisk in Fig. 1 ) was collected in Washoe County, Nevada. It is most similar to the ''Ravendale variety'', with which it shares long, linear ultimate leaf segments, but it appears to be more like the ''widespread variety'' of L. ravenii occurring in Idaho, Oregon, and Nevada, based on this analysis. It is also interesting to note the small cluster of four populations that falls at the highest positive values on both Axis I and Axis II. These four populations share the root swelling morphology that is sometimes present in this species (Constance 1993; Carlson et al. 2011) .
Lomatium nevadense, which was included in this analysis for reference, groups independently of either ''varieties'' of L. ravenii. It falls at the most negative values of Axis I and at mostly positive values on Axis II.
Phylogenetic Analyses
Amplification products were obtained for all regions. Sequences for ITS ranged in length from 698 to 728 bp. However, numerous ambiguities at the beginnings and ends of our sequences forced us to shorten the sequences, yielding an aligned matrix length of 562 bp. Within the cpDNA, the rps16 intron spanned 839-870 bp, with an aligned length of 900 bp, and the rpl32-trnL UAG region spanned 895-1182 bp, with an aligned length of 1177 bp. The partition homogeneity test (P 5 0.0671) did not find significant differences between the two partitions, so a combined analysis of the nuclear and chloroplast DNA regions was performed, with a total sequence length of 2639 bp.
Maximum parsimony analysis resulted in 1472 trees of 587 steps (CI 5 0.65, RI 5 0.78). Maximum likelihood and BI trees yielded topologies that were in complete topological congruence with the MP trees. Output from AWTY analyses showed that the independent runs of each dataset are close in parameter (tree) space, leading us to conclude that the two separate runs approximated the same target (tree) distribution. The strict consensus of the MP trees is presented in Fig. 2 . In this tree, all populations of L. ravenii are monophyletic (MP bootstrap 5 79, ML bootstrap 5 94, BI posterior probability 5 100), with the populations from Ravendale forming a monophyletic group sister to another monophyletic group that unites the individuals from outside California.
DISCUSSION
Results of both the morphological and phylogenetic analyses suggest that two different entities, to be treated here as varieties, exist within L. ravenii. One variety consists of the populations collected in the vicinity of Ravendale, Lassen County, California. These populations tend to be relatively tall and robust, often with many branches, and are less hirtellous than populations elsewhere ( Table 2 ). The most distinctive characteristic of this variety, however, is the presence of long, linear, highly divided ultimate leaf segments (Table 2, Fig. 3) .
The second variety consists of all other populations from throughout southwestern Idaho, southeastern Oregon, western Utah, northern and central Nevada, and northeastern 
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California. These populations tend to be relatively diminutive, grow along the ground, and have few branches. The ultimate leaf segments are shorter with more rounded apices than those of the Ravendale populations ( Table 2 , Fig. 4 ). The phylogenetic analyses indicate that L. ravenii is well supported as a monophyletic species and that the three Ravendale individuals form a clade that is sister to the other populations sampled (Fig. 2) . These results agree with the morphology and demonstrate that the Ravendale populations are phylogenetically distinct from all other populations of L. ravenii sampled. Although hirtellous forms of the ''Ravendale variety'' were used in the phylogenetic analysis, there is clearly variation in the density of hairs within populations of both varieties.
Based on these morphological, phylogenetic, and geographic differences, we believe varietal distinction of the ''widespread variety'' is warranted. The new variety is named L. ravenii var. paiutense to reflect its expansive distribution across the northern Great Basin and Owyhee Uplands, like that of the Native American group for which it is named. Lomatium ravenii 'typicus' primo adspectu maxime simile, sed habitus curtus nec validus, procerus, sed stipes pauci nec plures, sed segmentes folios breves, teres, nec substrictus, oblongus.
Plants 0.3-1.5 dm at anthesis; perennial, acaulescent, the root deep-seated, occasionally with a swollen base, 1-3 cm in diameter, that gradually elongates into a slender upper portion, sometimes branching into 2-3 stems; pseudoscape occasionally present. Herbage rather densely hirtellous, appearing gray-green in color. Leaves generally ovate in outline, 2-5 cm long and 2-6 cm wide, tripinnately compound, dissected, segments 1-3 (-4) mm long and 1 mm wide or less, obovate to oblong or elliptic in outline with a mucronulate tip; peduncles spreading along ground, mostly 1-6 cm long at maturity; petioles 2-12 (-25) mm, much shorter than the blade and sheathed most of the length. Inflorescence at anthesis fairly compact, the rays elongating unequally but usually not becoming readily distinguishable from one another, pedicels 2-15 mm long at maturity. Involucel of moderately to densely hirtellous bractlets, lanceolate, generally 3-5 mm long, sometimes purplish in color with a narrow scarious margin. Petals white or purplish-white, glabrous; anthers purple, sometimes fading to cream on herbarium sheets. Fruit generally more orbicular than ovate, 3-6 mm wide and 4-8 mm long, scarcely to moderately hirtellous with lateral wings narrower than the body (Fig. 4) . The two varieties of L. ravenii occupy different geographic regions (Fig. 5) . Lomatium ravenii var. ravenii is found only in a small area around Ravendale, California. Lomatium ravenii var. paiutense is much more widespread. It grows throughout northern and central Nevada, southeastern Oregon, southwestern Idaho, and into western Utah. A few populations grow in far eastern Modoc and Lassen counties, California, but there does not appear to be geographic overlap with L. ravenii var. ravenii. A population exists in Washoe County, Nevada, that shares characteristics of both L. ravenii var. ravenii (long, linear ultimate segments) and L. ravenii var. paiutense (less robust, fewer branches). In the morphological analysis, this population more closely grouped with L. ravenii var. paiutense (Fig. 1) 
Conservation Status
Lomatium ravenii var. paiutense is widespread and not uncommon throughout its range. Although Lomatium ravenii is on both the California Native Plant Society and Oregon Natural Heritage lists, we believe that currently few special conservation concerns exist for L. ravenii var. paiutense. However, based on herbarium specimens L. ravenii var. ravenii appears to be restricted to the vicinity of Ravendale. It is unclear how abundant the typical variety is in the area. Though L. ravenii is currently on CNPS List 2.3, the range includes that of both varieties and the taxon illustrated is L. ravenii var. paiutense. Thus, L. ravenii var. ravenii is much rarer than previously thought. Surveys in Lassen and Modoc counties (and perhaps Washoe County, Nevada) are needed to document the distribution of L. ravenii var. ravenii, and conservation measures will need to be implemented.
